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NOVA is a 2-detector v oscillation experiment, optimized for v, identification.

Upgrading NuMI muon neutrino beam at Fermilab (700 kW).

Construct a 14 kt liquid scintillator far detector at a distance of 810 km (Ash river,
Minnesota) to detect the oscillated beam.

Functionally identical ~300 ton near detector located at Fermilab to measure unoscillated
beam v to estimate backgrounds in the far detector.
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NuMI Oft-Axis v, Appearance Experiment
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Far detector is sited 14 mrad off-axis to
produce a narrow-band beam around the
oscillation maximum region. Combining with
final state interaction cross sections, provides
P an optimized signal/background separation.
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NOvVA Physics Goals

Measuring v, appearance probability and v, disappearance probability with v,
and anti-v, beam.

V. appearance: T

mv. v I,V T
Measure 8, |V v, E——

Determine neutrino mass hierarchy  mv.
Resolution of the 0,; octant.
Constrain CP violation phase (0.p) v

v, disappearance: v |Am, .

E— ; I
. 2 1

Precise measurements of |Am32 |9 e23 Normal Hierarchy Inverted Hierarchy
(Details see Baird’s talk)

mass?

Am,,

As well as:
Vv, Cross sections.
Neutrino magnetic moment.
Supernova and monopoles.
Sterile neutrinos.
Non-standard neutrino interactions.
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The NOVA Detectors

e 14-kton Far Detector (~3x MINOS).

* 9-kton active detector.

* 344,064 detector cells read by APDs.

e 0.3 kton Near Detector 18,000 cells/channels.

» Each plane just 0.15 Xo. Great for e-vs 7t° .

| .
<] «<<—— Plane of vertical cells

AN Plane of horizontal cells

.S

Near Detectoru

14.3mx4.1mx4.1m NDOS: Prototype

Consist of plastic (PVC) extrusions filled with liquid-scintillator, with wavelength shifting

fibers (WLS) connected to avalanche photodiodes (APDs). Assembled in alternating layers of
vertical and horizontal extrusions.
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Detectors readout

32-pixel APD

To APD Readout

Scintillation Light
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Particle Trajectory

Waveshifting
Fiber Loop

3.9 am

NOVA basic cell

6.0 em

Fiber pairs
from 32 cells

QE and Intensity

Each cell has a wavelength-shifting fiber routed an
Avalanche Photodiode (APD). Scintillation light
emitted 1sotropically and captured in wavelength -

shifting fibers that convert wavelength to APD’s

sensitive region.
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APDs have high quantum
efficiency and uniform
spectral quantum efficiency.
This enables the use of very
long scintillator modules, thus
significantly reducing the

Wavelength (nm) electronics channel count.
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Far detector construction

AW
- : "“_ — 33

Far Detector: i
* The site at Ash River |
was completed last

year.
 64% blocks have been

installed, 41% of the
detector has been
filled, 15% blocks
have been outfitted
with electronics
(July22, 2013).

* Completion expected
by May, 2014.

-

»
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Far detector construction

status date: July22, 2013

_+~Block 18 Assombly Progress
B 0N Complete

Block 11 Fill Progross
49 Complete

Instrumontation Progross
Dv-Block 3: 8.3% Complete

14 kilotons = 28 NOvVA Blocks

18 blocks of PVC modules are assembled and installed in place
11.49 blocks are filled with liquid scintillator
4.17 blocks are outfitted with electronics
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Near detector construction

Near Detector:

« (Cavern excavation 1S
complete.

Muon catcher installed
Aug. 1, 2013

* First half to be installed
by end of this year.

 Second half to be installed
by summer 2014
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Accelerator and NuMI Upgrades

* Fermilab has completed a series of upgrades to ¥
the Main Injector and Recycler Rings to reduce =
the cycle time from 2.2 sto 1.3 s . B&er* 2

* Intensity increased from 300 to 700 kW

* Neutrino beamline optimized for NOvA

Tunngl A Rlng f‘!',."

Locations of upgrade work
ORecycler ring
OMain Injector

« Commissioning of accelerators is now O i1t
underway; routine operation of neutrino beam is
expected in September

* Intensity will ramp to 500 kW this year and later

to 700 kW
power (kW)
PGS — N — N — Injector &
Recycler
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Cosmic ray data — 15t KT FD

First kT has been instrumented : | | | | :
May 21, 2013. Reconstruction g | NOvAFaretectr Cosmics ata
. 8 - reliminary )
algorithms already tested on = ool N
these data. g | :
. . § 20000 -]
3D Event display for a cosmic event i ]
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v, appearance at NOvA

-2 Gsn.L E
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sin? 26,3 sin? fo3
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cos A

A (A-1)
Am2,L . . _
A = 45 —2a sin #13\sin d 5in 2645 sin 2653 sin AA Sm((;;l 11))A sin A

* We can investigate mass
hierarchy due to 05 1s not
Zero.

* Probability 1s enhanced or
suppressed due to matter effects
which depend on the mass
hierarchy as well as the sign of

- A which 1s determined by
* We have some sensitivity for neutrino vs. anti-neutrino
Ocp since 0,5 1s not zero. running.
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v, appearance at NOvA

1 and 2 ¢ Contours for Starred Point * Because the P(v,) and P(V,)
~ 009 o depend on mass hierarchy and
| [ v . .
a">_ 0.08 [ Contours 3yrv a3nd :3 yrv 6CP in different ways, a

el jam;?| = 2.32 10 “eV measurement of the
[ sin’(26,,) = 0.095 o ]
0.07 [ sin’(26,,) = 1.00 probabilities might allow

resolving the mass hierarchy

F 2 S .
000 F Ami< 0o and provide information on Op.
0.05 | D\ * The precision of probabilities
; \ ‘ measurement depends on 0 ;.
0.04 |
: Large 0,5 also reduces the
0.03 [ overlap area of NMH and IMH
: ellipses. So it is good news for
2 Feozy, NOVA that 0, is large.
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v, analysis tools

* Reconstruction chain for cell, track, shower and vertex 1s well developed and
shows good performance.

Currently we have three v, 1dentification algorithms which can meet

with the physics requirement:

* ANN: Artificial neural network using shower shape based likelihood
for particle hypotheses.

* LEM: Matching events to a Monte Carlo library.

* BDT: boosted decision tree on simple reconstructed quantities.

* We also have tools to determine backgrounds in the near detector
and extrapolate them to the far detector (see Sachdev’s talk).

* Fitting algorithms are 1n place.
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v, 1dentification (ANN)

Parameterize energy profile

by transverse/longitudinal
dE/dx, then likelithood for

- particle hypotheses.

E——

Combine shower shape information
with an artificial neural network.

Electron = = -

Pr.oton : NC
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Energy per cm (GeV)
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Energy per em (GeV)

N plane from start point

100 150 200
N plane from start point

Because NOVA has
fine-grained
detectors, we are
able to see details of
energy profiles for
different particles.
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Significance to resolve mass hierarchy

NOvA hierarchy resolution, 3+3 yr
sin®20,,=0.095, sin°20,,=1.00
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NOvA hierarchy resolution, 3+3 yr
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* Results from full simulation, reconstruction, selection, and analysis framework.
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CP violation phase

NOvA CPV determination, 3+3 yr NOvA CPV determination, 3+3 yr
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* Results from full simulation, reconstruction, selection, and analysis framework.
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Octant of 0,,

P(v,) vs. P(v,) for sin2(2623) =0.95 NOvA octant determination, 3+3 yr
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P(v,)
» Ifsin?(20,;) is not maximal there is an ambiguity as to whether 0, is larger or smaller than 45°.
*  The sin?(0,;) term is crucial in comparing accelerator to reactor experiments.
*  sin*20,;) is measured in v, disappearance.
* Because P(v,2V,) is in proportion to sin?(0,;)sin?(205), it can be used to determine 6,, octant.
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* Physics reach:
— NOVA has the best chance to investigate mass hierarchy.
— Can determine 0,, octant.
— Provide first information on CP violation.

— Look at other physics such as supernova, neutrino magnetic
moment, monopoles and non-standard neutrino interactions.

 NOvA i1s ready to take physics data
— Starting cosmic ray data.
— Detector construction is proceeding well.
— Many analysis tools are in place.

— We are focusing on commissioning our far detector and working
towards first physics results in summer 2014.
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Thank you.
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P(v,) vs. P(v,) with different 0,, assumptions

P(V,) vs. P(v,) for sin®(26,,) = 1

—~ 0.09
| = T NOvA
- 3 2
o - |Am,,2| =2.32107 eV
o 2
0.08 = sin“(26,;) =1.00
- sin’(20,,) =0.12 @ -
0.07 Lo
-2 &
C sin“(26,,) ‘ \
0.06  =0095 @--.
X RN O}
- 0 o
0.05 [sin%(260,,) ‘ !
(=007 @& Q
0.04 [ FO
- Am?< 0 \Q :
0.03 [ o
E AM? > 0
002 F0§=0
- ® d=m/2
r0d=m
0.01 F
- m §=3m/2
0 i 1 1 1 I L 1 I l L 1 L I L 1 L l L
0 0.02 0.04 0.06 0.08

P(v,)

Jianming Bian - University of Minnesota 23



Extrapolation from the Near Detector

(ND) to the Far Detector (FD)

 There are v, -CC, NC and beam

v,-CC backgrounds which we
want to identify in the ND and

Extrapolation from the ND to the FD

extrapolate to the FD: 2

— Extrapolate identified nm-CC and : o i
me-CC 1n the ND to the FD e ;

— Use muon removed v -CC events -
in data to simulate NC events, tof :
(MRCC, see Kanika’s talk) e

3 4
Reconstructed Energy (GeV)

— Extrapolate identified
backgrounds 1n the near detector
to the far detector.
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Mock data challenge — v, analysis

Similar situation to the v, analysis:
One good PID, based on maximum likelihood analysis.
Concerns are QE identification, energy resolution and cosmic rejection.
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v, identification in the prototype detector (NDOS)

* We ran the analysis chain on the NuMI data recorded
at the prototype detector (NDOS).

* Measured the electron neutrino component of the
beam.

g T T T T T T T T T T T T T T '.(9 , T - - v T - - - T T - T T Y T T T T
) —— total mc + cosmics ] S —— total m i
> 5 —— mc background + cosmics; 3 — rgcabac‘;r;rngr’g % cosmlos
102 —— cosmic background — 20 —— cosmic background ]
E ) meve E Cmeve
- —— NuMI data . - —— NuMi data
10F +4- E °f E
: =) E :
L B 10 -
- U 3 i s
107E ; = °F i E
= - - i
: 0 L l 1 1 L A L 1 Ei l i
L L 0.4 0.6 0.8 1 12 14

1
neural net output neural net output
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Mock data challenge— v, analysis

Mock data challenge for the first 3 years’ data taking. Hidden physics parameters were
chosen and all truth information was stripped from the Monte Carlo files. The two
analysis techniques got identical results, which agreed with the truth within about 10.

Mock Data (18x10° POT) LEM

Mock Data (18x10° pOT) ANN

2 ' T | ; 2 ; T T
i ® Truth 7 I @ Truth i
150 ® NH fit ® Hfit 150 ® NH fit ® Hfit
i --NH68% --IH68% | I ~-NH68% --IH68%
i —NH90% —IHo0% | & | —NH90% —IH90% -
|— — ~ 1 —
1_ _ o = .
0.5 | 0.5} -
O i L L L 1 1 1 1 | 0 1 L Il ! L 1 | Il 1 ]
0 0.2 0.3 0.4 0 0.1 5 02 , 0.3 0.4
2sin%0,,,8iN°26 4 2sin%0,,,8iN°26
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Data-Driven Triggers

11520 FEBs
(368,4600 det. channels)

L

Shared Memory DDT

S,
\

Data Driven Triggers System

—
- — u-‘ N vent stack } Trigger Trigger _— Trigger
Zero Suppressed | Processor Processor Processor
at &2 — 2 ATP | S5ms data
(6-8MeV/cell) a ‘ J ‘ﬂocks 1 1
T

w E ."l g .

23 Data Buffer 2 % p Event builder

E Q \ // 5 g =P Trigger Reception

£ - ’ E i

c ™

SR g g Data Slice Pointer Table

Triggered :
Data Output I Data Data Time Window Search /
/ d |
"
1
1 \
200 Buffer Nodes ) DUES
(3200+ Compute Cores) J
> Global Trigger
Beam Spill Indicator 1 Processor

(Async from FNAL @ .5-.9Hz)

Calib. Pulser ( 50-91Hz)

We cannot record everything that is happening in the far detector due to the 100 kHZ cosmic
ray rate. So we have been developing three general classes of data-driven triggers.

Non-beam physics: exotics, upward atmospheric v’s etc.

Rarer cosmics useful for calibrations: stopping, horizontal, bremsstrahlung, etc.

Backup for beam events.
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Study other physics at NOvA

Supernova neutrino energy spectrum, A. Dighe, TAUP(9

10000 T T T T r T T r T . .
TRILI Cor T T NOVA s not underground, however it
' pemmm explosion — . .
1000 «M . .4 is a segmented detector with a very
" J 4 flexible trigger (See Jan Zirnstein’s
=~ : e
] ; 1 talk). NOVA can measure electron-
g - i 7 neutrinos and electron-antineutrinos
$ v v v v e o1 w1 from supernova, providing
Sb -0.1 0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 LI . .
S 10000 ——————— 1 information on time profile and
: ;. ] energy of SN neutrinos .
£ 3
g ]
= ;
1 : A | A | A L | . ". N
0 10 20 30 40 50

Time From Core Bounce (seconds)
90% C.L. Upper Limits on Magnetic Monopole Flux (cms” sr')
1E S - =

W: A magnetic monopole track is slower and higher
O F — ionizing than an energetic muon. Small overburden
2 = o gives us sensitivity to a low-mass low beta region not
0k | probed by other experiments.
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